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TRANSPORTERS COMPRISING SPACED ARGININE MOIETIES 
CROSS-REFERENCE TO RELATED APPLICATIONS 

; This application claims the heae&t of U.S. Serial No. 60/269,627, filed 

February 16, 2001, the disclosure of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

There are a number of natural barriers that exist in living organisms. The 
barriers most likely developed over time as a mechanism to exclude harmful stimuli, such as 
toxic chemicals, from sensitive biochemical pathways. Cellular membranes, epithelial tissues 
and endothelial tissues are examples of such baniers. 

Unfortunately, baniers such as cellular membranes function by excluding 
chemical compounds possessing particular physical characteristics rather than by specifically 

repelling harmful compositions. This can be problematic m ttie field of drug discovery where 

j 

one is targeting a biopolymer encased in ttie barrier. Cellular membranes, for instance, are 
particularly intractable to hi^y charged compounds such as polynucleotides. When one 
administers a highly charged compound (eg., oligonucleotide) to an organism, its medicinal 
utility is hindered by its inability to efficiently access its intracellular target. 

Researchers have attempted to develop technologies for enhancing the 
transport of chemical compounds across organismal barriers. For instance, Ryser et al. 
discusses the use of high molecular weight lysine polymers for increasing the transport of 
various molecules across cellular membranes. See, Ryser, HJ.P., PCT Pub. No. WO 
79/00515 (1979). Frankel et al. reports the conjugation of selected molecules to HIV tat 
protein, which increased cellular uptake of the molecules. See, Frankel et al, PCT Pub. No. 
WO 91/09958 (1991). Barsoum discusses the use of the HIV tat sequence RKKRRQRRR in 
eiihancing cellular membrane transport. See, Barsoimi et al, PCT Pub. No. WO 94/04686 
(1994). Bmgidou et al. report the rapid internalization of a 16 amino acid peptide-cholesterol 
conjugate derived from the Antennapedia homeodomain by cultured neiurons. See, Bmgidou, 
J., etal Biochem, Biophys. Res, Comm. 214(2):685-693 (1995). 

Several methods have also been proposed to enhance the transport of 
compounds across epitheUal tissues. For example, chemical enhancers (Bmnette, R.R. In 


wo 02/065986 


PCT/US02/04491 


Developmental Issues and Research Initiatives'^ Hadgraft J., Ed., Marcel Dekker: 1989, pp. 
247-288) and iontophoresis have been used for the traiisdennaltran^ These 
efforts have produced fewer than a dozen drugs for transdermal administration. 

More recently, methods and compositions have been described for 
S , transporting drugs and macromolecules across biological membranes in which the drug or 
macromolecule is covalently attached to a transport polymer consisting of from 6 to 25 
, subunits, at least 50% ofwhich contain a guanidino or amidino side chain. The transport 
; polymers are preferably polyarginine peptides composed of all all L- or mixtures of D- 
and L-arginine subunits (see PCT/US/10571, WO /52614, published 26 November 1998). 
10 Despite the above, a need exists for new compositions and methods for 

i enhancing the transport ofcompounds across biological barriers. The present invention 
fiklfills this and other needs. 

SUMMARY OF THE INVENTION 

15 

The present invention provides compositions and methods for enhancing 
' transport of biologically active compounds across biological membranes and across and into 
animal epithelial or endothelial tissues. The composition includes a biologically active agent 
: and a transport moiety, either linked covalently by a bond or an optional linking group. The 
20 transport moiety includes a stmcture selected from the groiq) consisting of (ZYZ)nZ, (ZY)nZ, 
(ZYY)„Z and (ZYYY)„Z. Subunit "Z" is L-arginine or D-arginine, and subunit * V is an 
^ amino acid that does not comprise an amidino or guanidino moiety. Subsc^pt * V is an 
integer ranging from 2 to 10. The method for enhancmg transport mvolves the administration 
of the aforementioned composition. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

. ; Figure 1 is a bar graph that illustrates the increase in cellular uptake of a 

. fluorescence agent when a transport oligomer of spaced arginine residues is used relative to 
30 the uptake when an R7 homopolymer is the transport oligomer. Uptake increased with 
- increased spacing (glycine insert < aminobutyric acid insert < aminocaproic acid insert). 

Figure 2 is a bar graph that illustrates a general increase in cellular uptake of a 
fluoresence agent when a transport oligomer of spaced arginine residues is used relative to 
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the uptake when an R7 homopolymer is the transport oligomer. The spacing groups are 
naturally-occuring amino acids. 

Figure 3 is a bar graph as in Figure 2 in which the concentrations of flie 
various transport compositions has heeax reduced, illustrating that the increase in cellular 
5 uptake does not change at lower concentrations. 

Figure 4 is a bar graph illustratmg the cellular uptake of the compositions used 
in Figures 2 and 3 at 6.25 micromolar. At this concentration, the uptake of Fl-aca-R7CONH2 
^ !)egins to drop off, while the compositions of tiie present invention maintain a significant 
[ uptake advantage. 

Figure 5 is a bar graph showing the increase in cellular uptake of the series 
(Raca)xR at 50 pM when the subscript x is 4, 5 and 6. For brevity, the attached Fl-aca in each 
; ofthe transport agents is not shown. 

Figure 6 is a bar gr^h showing the uptake (as determined by mean 
j fluorescence) of (RX)6R transport oligomers versus homopolymers of arginine (rl9 and rl3). 
15 In this Figure ttie symbol X represats aminoc^roic acid, gly-gly, or gly. For brevity, the 
attached Fl-aca in each of the transport agents is not shown. 

Figure 7 illustrates the sixty pennutations of aca-spaced arginine heptamers 
that were prepared and evaluated (results shown in Figure 8). 

Figure 8 is a bar graph showing the relative uptake of R aca spaced analogs 

20 ' rielative to r7. 

Figure 9 illustrates the conjugation of cyclosporin to r7-acid using a self- 
: immolating linker (see 9A). Themechanismfor cleavage ofthe linker and release of 
cyclosporine as the pH decreases to 5.5 is shown in Figure 9B. 

Figure 1 0 illustrates the conjugation of acyclovir to r7-amide via an N- 
25 terminal cysteine group. Conjugation with a biotin-containing transporter is also shown. 

Figure 1 1 illustrates the conjugation of hydrocortisone to r7-aniide via an N- 
terminal cysteine group. Conjugation with a biotin-containing transporter is also shown. 

Figure 12 illustrates the conjugation of taxol to r7-amide via an N-terminal 
cysteine group. 

Figure 1 3 illustrates the conjugate fonned between a retinal and a r9 (shown 
; without spacing amino acids). 

Figure 14 illustrates the use of a cleavable linker in preparing a retmoic acid- 

r9 conjugate. 
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DETAILED DESCRIFnON OF THE INVENTION 

i 

A. Abbreviations and Definitions 

The following abbreviations are used herein: abu, y-aminobu^c acid; aca, 8- 
aminocaproic acid; FI, fluorescein; Fmoc, fluorenybnethoxycaibonyl. Single letter or three 
letter abbreviations are used for many amino acid herein in accordance with acceptable 
convention. Lower case single letter abbreviations for amino acids are intended to denote the 
D-isomer, also in accordance with conventional use. 

The term "alkyl" refers to unsubstituted or substituted hnear, branched, cyclic, 
or combinations of alkyl carbon chains of up to 15 carbon atoms. Linear alkyl groups 
include, for example, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl and n-octyl. 
Branched aUcyl groups include, for example, iso-propyl, sec-butyl, iso-butyl, tert-butyl and 
i^eopentyl. Cyclic alkyl groups include, for example, cyclopropyl, cyclobutyl, cyclopentyl 
and cyclohexyl. Combinations of all^l groups are also within the scope of the present 
definition and invention (e.g.,^cyclopTopyhnethyl, cyclohexylmethyl, cyclobutylpropyl, and 
the Uke). The alkyl groi^js can also be substituted with one or more substitoents, preferably 
fiom zero to three substitumts. NonUmiting examples of such substituents include NH2, SH, 
Jf O2, ONO2, F, CI, Br, I, OH, CO2H, CO2CH3, CN, alkoxy, alkylthio, alkylamino, 
dialkylamino, aryl and heteroaiyl. 

The term "aryl" refers to an unsubstituted or substituted aromatic, carbocychc 
group. Aryl groups are either single ring or multiple cond^ed ring compounds. A phenyl 
group, for example, is a single ring, aryl groiqi. An aryl group with multiple condensed rings 
is exemplified by a naphthyl group. Aryl groups can be substituted with one or more 
substituents, prefCTably fiom zero to three substitutents. Nonlimiting examples of such 
substittients include NH2, SH, NO2, ONO2, F, CI, Br, I, OH, CQ2H, CQ2CH3, CN, alkoxy, 

alkylthio, alkylammo, dialkylamino, aryl and heteroaryl. 

j 

The term ^^heteroaryl" refers to those aryl groups in which one or more 
heteroatoms (e.g., O, S, N) occupies a position held by a carbon atom or pair of carbon 
atoms. Examples of suitable heteroaryl groups include pyridine, thiophene, oxazoie, 
b^nzimidazole, pyrrole, furan, quinoline, quinazoline, and the like. 

An "epithelial tissue" refers to the basic tissue that covers surface areas of the 
surface, spaces, and cavities of the body. Epithelial tissues are composed primarily of 
epitheUal cells that are attached to one another and rest on an extracellular matrix (basement 
membrane) that is typically produced by the cells. Epithelial tissues include three general 
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^es based on cell shape: squamous, cuboidal, and colunmar epithelium. Squamous 
epithelium, which lines lungs and blood vessels, is made iq) of flat cells. Cuboidal epithelium 
lines kidney tubules and is composed of cube shaped cells, while columnar q)ithelium cells 
line the digestive tract and have a columnar appesmux. Epithelial tissues can also be 
5 classified based on the numbo- of cell layers in the tissue. For example, a simple q>ithelial 
tissue is composed of a single layer of ceUs, each of which sits on the basement manbrane. 
A "stratified" epittielial tissue is con^sed of several cells stacked upon one anoflier; not all 
= cells contact the basement membrane. A "pseudostratified" epithelial tissue has cells that, 
!. ^though all contact the basemait monbrane, appear to be stratified because flie nuclei are at 
10 ' various levels. 

The tam "trans-epithelial" delivery or administration refers to the delivery or 
administration of agents by permeation through and/or into one or more layers of a body 
sju^ace or tissue, such as intact skin or a mucous membrane, by topical administration. Thus, 
the term is mtended to include both transdermal (e.g., percutaneous adsorption, and including 
15 . iiitradermal) and transmucosal administration. Delivery can be to a deqjer layer of the tissue, 
for^ample, and/or delivery to tiie bloodstream. 

'Transport enhancement," refers to an increase in amount and/or rate of 
_ delivery of a biologically active compound across a biological barrier. The term is also 
meant to include altwing tissue distribution, localization and release of a biologically active 
20 compound or agent. The amount of transport enhancement is determined by comparing the 
: delivery of the compound or agent that is not attached to a transport moiety to the delivery of 
one that is. 

"Biological barrier" refers to a physiological barrier to the delivery of a 
biologically active compound to its intended target site. It includes, for example, biological 
25 niembranes, epithelial tissue and endothelial tissue. 

"Biological membrane" refers to a lipid-containing barrier that separates cells 
i ori groiq}s of cells fiom extracellular space. 

"Biologically active compound" refas to a flrerapeutic compound or a 
diagnostic agent, as weU as lead compounds in a research and development setting. Still 
30 further the term is meant to inchide various probes (e.g., oligonucleotides alone or those 
halving attadied imaging agents). 

:. ; The term "therapeutic compound" refers, wifliout limitation, to any 

« composition fliat can be used to the baiefit of a mammalian species. A number of such 
agents cause an observable change in the structure, function or composition of a cell upon 

5' 
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uptake by the cell- Observable changes include increased or decreased expression of one or 
more niRNAs, increased or decreased expression of one or more proteins, phosphorylation of 
a protein or other cell component, inhibition or activation of an enzyme, inhibition or 
activation of binding between members of a binding pair, an increased rate of synthesis of a 
5 metabolite, increased or decreased cell proliferation and the like. Other agents exert 
therapeutic effects when present in a tissue, even in the absence of cellular entry. 

The term "diagnostic agent*' refers to both diagnostic imaging agents and 
cjontrast agents. The following are non-limiting examples of diagnostic agents: radio-labeled 
substances such as ^mTc glucoheptonate; substances used in magnetic resonance imaging 
10 : such as gadolinium doped chelation agents (e.g., Gd-DTPA); metals bound to chelating 

agents such as Eu, Lu, Pr, Gd, Tc^m, Ga^^ In"\ Y^^ Cu^^ and Co^^; and, proteins such as p- 
' galactosidase, green fluorescent protein and luciferase. Oth^ diagnostic agents include 
: njiolecular sensors. 

The term **macromolecule** refers to large molecules (MW greater than 1000 
IS : d|altons) ex^plified by, but not limited to, peptides, proteins, oUgonucleotid^ 
i polynucleotides ofbiological or synthetic origia 

"Small organic molecule" refers to a carbon-containing agent having a 
molecular weight (MW) of less than or equal to 1000 daltons. 

The term '"peptide" refers to a conq>ound made up of a single chain of D- or L- 
20 amino acids or a mixture of D- and L-amino acids joined by peptide bonds. Generally, 
peptides contain at least two amino acid residues and are l^s flian about SO amino acids in 
i length. D-amino acids are represented herein by a lower-case one-letter amino acid symbol 
(e.g., r for D-arginine), whereas L-amino acids are represented by an upper case one-letter 
amino acid symbol (e.g., R for L-arginine). Homopolymer peptides are represented by a one- 

I i 

25 ; letter anuno acid symbol foUowed by the number of coiisecutive occiirrences of that amino 
acid in the peptide- (e.g., R7 represents a heptamer that consists of L-arginine residues), 
i The term **protein" refers to a compound that is composed of linearly arranged 

amino acids linked by peptide bonds, but in contrast to peptides, has a well-defined 
. conformation. Proteins, as opposed to peptides, generally consist of chains of 50 or more 
30 amino acids. 

• i 

"Polypeptide" refers to a oligomer of at least two amino acid residues and 
which contains one or more peptide bonds. *Tolypeptide" encompasses peptides and proteins, 
: regardless of whether the polyp^tide has a well-defined conformation. 
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The term 'lialf-life" generally refers to the time required for half the quantity 
of a compound to be destroyed, degraded or eliminated In the context of self-immolating 
lijnkers, "half-life" refers to the time required for half the quantity of a transport 
. moiety-biologically active compound conjugate containing such a linker to undergo 
5 ; intramolecular cleavage. 

5. General 

The present invention relates to the surprising discov^ that ar^b^ 
10 i i^vide an enhanced transport of drugs and other agents across biological membranes when 
i flie residues are part of a polypeptide that provides suitable spacing between the arginines. 
This is in contrast to the previously described polymers o^ for example, arginine, in which 
the guanidino moieties are present on essentially all subunits of die transport polym^. Thus, 

i 

; the transport oligomers of the present invention can be viewed in one group of embodiments 
IS i as polypeptides in which arginine residues are present, but separated by other aniinoaci<^ 
! such that, at most, two arginine residues are adjacent. Additionally, the remaining amino 
' acids residues can be selected to provide side chains that enhance solubility and which do not 
encumber the conformational freedom of the transport oligomer. Alternatively, one of flie 
remaining amino acids can provide a site for attachment to either a linking group or the 
20 : therapeuticagentofinterest(e.g., a serine hydroxyl group, a lysine aniinog^^ 
tliiol). 

C Transport Moiefy-Siologically Active Compound Conjugates 

25 i I As noted above, the present inv«ition provides compositions and methods that 

: ^nhance the transport of biologically active compounds across biological membranes and 
^ aicross and into animal epithelial or endothelial tissue. The compositions are represented by 
j the formula R^-L-R^, wherein R' is a biologically active compound (i-e,, a therapeutic 
compound, diagnostic agent, lead conq)ound or a probe), R^ is a transport moiety and 'X*' is 

30 an optional linking moiety. 

r 1 

■■ 5 
I 
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The transport moieties are amino acid oligomers of the following formulae: 
(ZYZ>,Z,(ZY)„Z,(ZYY)nZand(ZYYY)aZ. "Z" in the formulae is D or L-arginine. "VMs 
an amino acid that does not contain a guanidyl or anudinyl moiety. The subscript "n" is an 
iriteg^* ranging from 2 to 25. 

In the above transport moiety formulae, the letter **Y" rq)resents a natural or 
, non-natural amino acid. The amino acid can be essentially any compound having (prior to 
, incorporation into the transport moiety) an amino group (NH2 or NH-alkyl) and a carboxylic 

acid group (CO2H) and not containing either a guanidyl or amidinyl moiety. Examples of 
: such compounds include D and L-alanine, D and L-cysteine, D and I^aspartic acid, D and L- 
10 glutamic acid, D and L-phenylalanine, glycine, D and L-histidine, D and L-isoleucine, D and 
! I^-lysine, D and L-leucine, D and L-methionine, D and L-asparagine, D and L-proline, D and 
L-glutamme, D and L-serine, D and L-threonine, D and L-valme, D and L-tryptophan, D and 
; Lrhydroxyproline, D and L-tyrosine, sarcosine, ^alanine, y-amino butyric acid and e-amino 
, c^roicacid. In each of the above formulae, each Y will be independent of any other Y 

i 

IS ■ present in the transport moiety, though in some ^bodiments, all Y groups can be the same. 

In one group of preferred embodiments, the transport moiety has the formula 
; (ZYZ)nZ, wherein each "Y" is indq)endently selected from glycine, p-alanine, y-amino 

i 

' butyric acid and s-amino caproic acid, "Z" is preferably L-arginine, and n is preferably an 
integer ranging from 2 to 5. More preferably, each **Y*' is glycine or e-amino caproic acid 

20 : aiidnisS. Within this group of embodiments, the use of glycine is preferred for those 
[ compositions in which the transport moiety is fused or covalently attached directly to a 
i pplypeptide biological agent such that the entire composition can be prepared by recombinant 
i methods. For those embodiments in which the transport moiety is to be assembled using, for 
example, soUd phase methods, 8-amino circle add is preferred. 

25 In another group of preferred embodiments, the transport moiety has the 

; formula (ZY)nZ, wherein each 'T" is preferably selected from glycine, P-alanine, y-amino 
; butyric acid and s-amino caproic acid, "Z** is preferably L-argininc, and n is preferably an 
!. integer ranging from 4 to 10. More preferably, each **Y" is glycine or s-amino caproic acid 
. • and n is 6. As with the above group of specific CTibodiments, the use of glycine is preferred 

30 for those compositions in wUoh the transport moiety is fused or covalently attached directly 
: to a polypeptide biological agent such that the entire composition can be prepared by 
' recombinant methods. For solution or solid phase construction of the transport moiety, s- 
; ^nino caproic acid is preferred. 
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In yet another group of preferred embodunents, the transport moiety has the 
fonnula (ZYY)„Z, wherein each 'T' is preferably selected fiom glycine, p-alamne, y-amino 
butyric acid and 8-amino caproic acid, "Z" is preferably L-arginine, and n is preferably ah 
integer ranging from 4 to 10, More preferably, each is glycine or e-amino capioic acid 
and n is 6. 

In still another group of preferred embodimmts, the transport moiety has the 
formula (ZYYY)„Z, wherem each 'V is preferably selected from glycine, P-alanine, y-amino 
butyric acid and s-amino caproic acid, **Z" is preferably L-arginine, and n is preferably an 
integer ranging from 4 to 10. More preferably, **Y" is glycine and n is 6. 
1 In other embodiments, each of the Y groups will be selected to enhance certain 

desured properties of the transport moeity. For example, when transport moeities having a 
more hydrophobic character are desired, each Y can be selected from those naturally occuiing 
amino acids that are typically grouped together as hydrophobic amino acids (e.g., 
phenylalanine, phenylglycine, valine, leucine, isoleucine). Similarly, transport moieties 
having a more hydrophilic character can be prepared when some or all of the Y groups are 
liydrophihc amino acids (e.g., lysine, serine, toeonine, glutamic acid, and the like). 

One of skill in the art will appreciate that the transport moiety can be a 
polypeptide fragment withia a larger polypeptide. For example, the transport moiety can be 
of the formula (ZYY)nZ yet have additional amino acids which flank this moiety (e.g., 
Xra(ZYY)nZ-X^ wherein the subscripts m and p represent integers of zero to about 10 and 
each X is independently a natural or non-natural amino acid). 

Thus, the transport moiety can be viewed as a peptide or having certain 
pisptide character in the sense that it has a caiboxy terminus and an anttino terminus. One of 
tte temiini is either covalently attached to a biologically active compound (R}) or, 
aitematively, to a linkmg moiety (L) that is part of a linking moiety-active compound 
conjugate (e.g., R'-L). For those embodunents in which the transport moiety is covalently 
attached directly to a biologically active compound, the point of attachment is preferably the 

i 

c^rboxy terminus. For those embodiments in which the transport moiety is covalently 
attached to a linkmg moiety, the point of attachment is preferably the amino terminus. In still 
other embodiments, the biologically active conq>ound can be attached to the transport moiety 
via a linking moiety that is in turn attached to an amino acid side chain functional group (e.g., 
the hydroxy group of a serine residue, the amino group of a lysine residue, the carboxylic 
acid group of a glutamic add residue, and the like). 
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i unung next to the biologically active compound (R\ the present invention 
finds broad application to essentially any ther^eutic or diagnostic agent. Examples of 
' therapeutic compounds include, without limitation, the following: topical antipsoriasis drugs 
; such as corticosteroids, calcipotriene and anthralin; photochemothoi^eutic agents such as 
S i^oralens;phoiphyrins and edargedphorphyrins; sunscreen components s^^ 

aiminob^izoic esters, cinnamates, salicylates, bCTzophenones, anthranilates and avobenzone; 
i pain relief ag^ts and local anesthetics such as lidocaine, novocaine, procaine, tetracaine, 
benzocaine, cocaine and the opiates; biological agents such as minoxidil, keratolytic agents; 
destructive agents such as podophyllin, hydioquinone, masoprocol, colchicine and gold; 
10 : drugs for gastrointestinal conditions such as cyclosporin, FK506, H2 histamine in^ 

: (^.g., cymetidine and ranitidine), ATPase proton-potassium inhibitors lansoprazole and 
I dmeprazle); antiobiotics such as norfloxacin, ciprofloxacin, trimethoprim and 
I £^lfamethyloxazole; antineoplastic agents such as cisplatin, methotrexate, taxol, flurouracil, 
mercaptopurine, donorubicin and bleomycin; antiinflammatory agents such as corticosteroids, 
IS cromolyn and nedocromil; immunosuppressive drugs such as cyclosporin and FK506; drugs 
: acting on pulmonary tissues such as beta*agonists, mast cell stabilizers, antibiotics, antifungal 

aigents, antiviml agents, vasoactive drugs, sedatives and hormones; CNS agents such as anti- 
|, ajpoptotics, neurotransmitters, morphine, opiates and 5-hydroxy-tryptamine receptor 
'■ antagonists; small molecules such as L-3,4-dihydroxy phenylalanine (L-DOPA; taxanes such 
20 ; as paclitaxel; proteins such as alglucerase, alpha-L-iduronidase, alpha-N- 

: acetylglucosamidase, lipase, adenosine deaminase and triose phosphate isomerase; peptides 
* having phosphorylation sites used by proteins mediating intracellular signals such as protein 
: kinase C, RAF- 1 , p2 IRas, NF-kB and C-JUN; cytoplasmic tails of membrane receptors such 
: 4s IL-4 receptor, CD28, CTLA-4, V7, MHC Class I antigens and MHC Class n antigens; 
25 oligonucleotides and polynucleotides formed of DNA and RNA; oligonucleotide analogs 
' such as phosphonates (e.g., methyl phosphonates), phosphoramidates (N3' or 
i thiophosphates, uncharged morpholino-based polymers and protein nucleic acids (PNAs); 

^d, polysaccharides and polysaccharide analogs. 
I j Diagnostic agents include both diagnostic imaging agents and contrast agents. 

30 ; The following are non-limiting examples of diagnostic agents: radio-labeled substances such 
as ^mTc glucoheptonate; substances used in magnetic resonance imaging such as gadolinium 
doped chelation agents (eg., Gd-DTPA); metals bound to chelating agents such as Eu, Lu, Pr, 

Gd, Tc^ V Ga^, In" ^ Y^, Cu^ and Co"; and, proteins such as p-galactosidase, green 

I 

! I 
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: fluorescent protein and luciferase. Still other useful agents include dyes such as, for example, 
I fluorescein. 

In certain embodiments, the transport moiety is attached to the biologically 
active compound through a linking moiety (L). Such a linking moiety has two termini, one 
5 that covalently bonds to the transport moiety and one that covalently bonds to the biologically 

i 

active compoimd. The termini each contain a functional group that serves as a facile point of 
I attachment. Examples of such groups include, without limitation, carboxyUc acids, 
' carboxylic acid derivatives, alcohols, amines and thiols. For example, HO2CCH2CH2OH is a 
. lii)king moiety having a carboxyUc acid at one tenxiinus and an alcohol at the other. One 
10 fpnnula representmg its use in attaching the traiisport moiety to the biologicaUya^ 
: compound is as follows: R*-02CCH2CH26-RI 

,1 The luiking moiety is preferably cleaved 171 VIVO. "Cleaved" in this case refers 

j to separation of a linking moiety tenninusfiom the biologically active agent. The separation 
is effected throu^ dissociation of a covalent bond. For instance, where a carboxylic acid 
IS ' tenninus ofalmking moiety is attadied to an alcohol functi^ 

: agent {Le., ester linkage), cleavage results in the formation of a catboxylic acid (linking 
; ihoiety ternodnus) and a free active agent 

In one embodiment, the linking moiety is cleaved through hydrolysis. Such 
\ tiydrolytic cleavages are typically pH dependent For instance, an acid mediated hydrolysis 
20 occurs at a faster rate at pH 6.0 than at pH 7.4. 

In another embodimoit, the Knkmg moiety is cleaved through self- 
; immolation. Such linking moieties in a transport moiety-biologically active compound 

* conjugate contain a nucleophile (e.g., oxygen, nitrogm and sulfur) distal to the biologically 

I aictive compound and a cleavable group (e.g., ester, carbonate, carbamate and thiocarbamate) 
25 ! proximal to the biologically active compound, tottramolecular attack of the nucleophile on 
; the cleavable group results in the scission of a covalent bond, thereby releasing the linking 
moiety from the biologically active compound. 

• ^ Examples of conjugates containing self-immolating linking moieties (e.g., 
biologically active agent-L-transport moiety conjugates) are represented by structures 1 , 2 

30 I' ^d3: 
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f H 
R-X (CH2)irA-C-(CH2)m-N-(CH2)„-Y-R3 

O 


R^— X (CH2)k— R^—CCHzU—CH-Y-R^ 


2 

R^— X-(CH2)k— CH-Y-R^ 
3 

wh^ein: is the biologically active compound; X is a liiikage foitned between a functional 
group on the biologically active compound and a tonunal functional group on the linking 

i 

tnoiety; Y is a linkage formed finm a fiinctional group on the transport moi^ and a 
fimctional group on the linking moiety; A is N or CH; R is hydrogen, alkyl, aryl, aiylalkyl, 
' aj:yl or allyl; is the tnmsport moiety; R^ is S, O, NR^ or CRV; R^ is H, OH, SH or ISIHR^; 
FL^ is hydrogen, allqrl, aiyl, acyl or allyl; R^ and R* are independently hydrogen or alkyi; k 
and m are independently either 1 or 2; and n is an integer rangmg from 1 to 10. Non-limiting 
examples of the X and Y linkages are (in either orientation): -C(0)0-, -C(0)NH-, 
-pC(0)NH-, -S-S-, -C(S)0., -C(S)NH-, -NHC(0)NH-, -SCbNH-, -SONH-, phosphate, 
p)iosphonate and phosphinate. One of skill in the art will appreciate that when the biological 
agent has a hydroxy functional group, then X will preferably be -0C(0)- or -0C(O)NH-. 
Similarly, when the linking group is attached to an amino terminus of the transport moiety, Y 
will preferably be -C(0)NH-, -NHC(0)NH^, -SO2NH-, -SONH- or-OC(0)NH- and the like. 
In each of the groups provided above, NH is shown for brevity, but each of the linkages (X 
and Y) can contain substituted (e.g., N-alkyl or N-acyl) linkages as well. 
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I 

Turning first to linking groups illustrated by structure 1, an example and 
preferred embodiment is illustrated for formula la: 

OHO 


la 

wherein the wavy lines indicate points of attachment to the transport moiety and to the 
5 \i biologically active compound. Preparation of a conjugate containing this linking group is 
' illustrated in Example 4 (Figure 9). In this Example and Figure 9, cyclosporin A is treated 
with chloroacetic anhydride to form the chloroacetate ester 9i (numbering in Figure 9) which 
is then combined with benzylamine to form the N-benzyl glycine conjugate 9ii. 
Condensation of the glycine conjugate with Boc-protected diglycine anhydride provides the 
10 acid 9iii which is converted to the more reactive N-hydroxy succinimide ester 9iv and then 
i combined with the amino terminus of a transport moiety to form an amide linkage. One of 
: skill in the art will q)preciate that the N-ben2yl group can be replaced with other groiq)s (e.g., 
alkyl, aryl, allyl and the like) or that methylene groups can be replaced with, for example, 
ethylene, propylene and the like. Preferably, the metiiylene groups are retained as shown in 
15 ija, to provide an appropriate steric or spatial orientation which allows the linkage to be 
cleaved in vivo (see Figure 9B). 

I ! Acconlingfy, for Structure l.&efoUowingsubstitueate AisN; 

; R^isbMzyl;k,maiidnarel;Xis-OC(0)-andYis-C(0)NH-. 

Linkages of structure 2, are exemplified by formula 2a: 
; ' O NHR^ 

.; i j^s^Ajj.!- 

20 i : O 2a 

; wherein, as above, the wavy lines indicate the point of attachment to each of die transport 
; moiety and the biologically active agent. The preparation of conjugates having linking 

groups of formula 2a are shown in Examples 5-7. In Example 5 (see scheme in Figure 10), 
; acyclovir is acyl^ed wib a-chloroacetic anhydride to form the a-chloroacetate ester lOi. 
25 > FLeaction of lOi with a heptamer of D-arginine having an N-terminal cysteine residue, 
1 provides the thioether product lOii. Alternatively, acyclovir can be attached to the C- 
i terminus of a transport moiety (see Example 5b) using a similar linkage formed between 
acyclovir a-chloroacetate ester and a heptamer of D-arginine having an C-terminal cysteine 
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: 1 

' residue. In this instance, the cysteine residue is provided on the 17 transport moiety as a C- 

I tenninal amide and the linkage has the fonn: 

1 : O CONH2 

» H * 

i 

I 

5 ; I Accordingly, in one group ofpreferred embodiments, the conjugate is 

. r<epresented by formula 2, in which X is -OC(0)s Y is -C(0)NH-; R"* is S; is NHR^; and 
j the subscripts k and m are each 1. In another group of preferred embodiments, the conjugate 
' is represented by formula 2, in which X is -OC(0>-; Y is -NHC(0)s R"* is S; R^ is CONH2; 
and the subscripts k and m are each L Particularly preferred conjugates are those in which R^ 
10 i isi hydrogen, methyl, allyl, butyl or phenyl. 

I Linking groups represented by the conjugates shown in formula 3 are 

. j: generally of the heterobifimctional type (e.g, e-aminocaproic acid, serine, homoserine, y- 
i aininobutyric acid, and the like), although suitably protected dicarboxylic acids or diamines 
. are also useful with certain biological agents. 
15 For structure 3, the following substituents are preferred: R^ is NHR^ wherem 

i is hydrogen, methyl, allyl, butyl or phenyl; k is 2; X is -C(0)Os and Y is -C(0)NH-. 
I Self-immolating linkers typically undergo intramolecular cleavage with a half- 

life between about 1 0 mmutes and about 24 hours in water at 37°C at a pH of approximately 
! I 'A. Preferably, the cleavage half-life is between about 20 minutes and about 4 hours in 
20 ; water at 37°C at a pH of approximately 7.4. More preferably, the cleavage half-life is 

between about 30 minutes and about 2 hours in water at 37*^C at a pH of approximately 7,4. 
' : For a conjugate having the stmcture 1, one can adjust the cleavage half-life by 

varying the R^ substituent. By using an R^ of increased or decreased size, one can obtain a 
conjugate having a longer or shorts- half-life respectively. R^ in structure 1 is prefersOjly 
25 I methyl, ethyl, propyl, butyl, allyl, benzyl or phenyl. 

Where there is a basic or acidic group in a self-immolating linker, one can 
: oftentimes adjust cleavage half-life according to the pH of the conjugate solution. For 
u^stance, the backbone amine group of structure 1 is protonated at acidic pH (e.g., pH 5.5). 
] The amine cannot serve as a nucleophile inducing intramolecular cleavage when it is 
30 j protonated. Upon introduction of the conjugate into a medium at physiological pH (7.4), 
; however, the amine is unprotonated a significant portion of the time. The cleavage half-life 
is conespondingly reduced. 
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: J 

I In one embodiment, cleavage of a self-inunolating linker occurs in two steps: 

i intramolecular reaction of a nucleophilic group resulting in the cleavage of a portion of tilie 
\ linkiiig moiety; and» elimination of the remaining portion of the li^^ The first step 

of the cleavage is rate-limiting and can be fine-tuned for pH sensitivity and half-life. 
S Structure 4 is an exan4)leofatwo-step>self-inmiolating moiety t^^ 

incorporated into a transport moiety-biologically active compound conjugate: 

'I \ R^— )e-K:H2--Ar-0-C-(CH2)irl^(CH2)nrCM 

4 

' Wherein: R* is the biologically active compound; X represents a linkage between a functional 
i ^oup on the biologically active compound and a functional group on the linking moiety; Ar 
10 ! i^ a substituted or unsubstituted aiyl group, wherein the methyl^e siibstituent and phenolic 
\ oxygen atom are either ortho or para to one anottien ^ is the transport moiety; R"^ is 
NR^ or CRV; R^ is H, OH, SH or NHR^; R^ is hydrogen, alkyl, aryl, arylalkyl, acyl or allyl; 
R^ and R^ are indepmdently hydrogen or alkyl; and, k and m are independently either 1 or 2. 

An example of a suitable linking group to produce a conjugate of formula 4 is: 
• * o NH2 

15 ^^^3 4a 

The construction of a conjugate containing a linking group of formula 4a is 
; provided in Example 8 (see also Figure 14), In this example (and Figure), the a-chloroacetate 
: ejster of 2,4-dimethyl-4-hydroxymethylphenol (14i) is coupled to retinoic acid (14ii) using 
i dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP) to provide the 
20 ; iiitermediate 14iii. Subsequent coupling of 14iii with a cysteine residue present on the N- 
terminus of an arginine hq)tamer transport moiety provides the target conjugate 14iv. 

Preferably, the linking groups used in the conjugates of formula 4, are those in 
I which Ar is an substituted or unsubstituted phenylene group; R^ is S; is NHR^ wherein R^ 
' is hydrog^ methyl, allyl, butyl, acetyl or phenyl; k and m are 1 ; X is -C(0)0-; and Y is - 
25 I 6(0)0- or -C(0)NH-. More preferably, R^ is hydrogen or acetyl 

While linking grotq>s above have been desmbed with referrace to conjugates 
containing argmine hq)tamers, one of skill in the art will understand that the technology is 


i 
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: readily adapted to conjugates with the "spaced" arginine transport moieties of the present 
I irivention. 

• \ Still other useful linking groups for use in the present mvention have been 

i described in copending PCT applications. See, for example PCX applications US98/10571 
5 : (Publication No. WO 9852614) and USOO/23440 (Publication No.WO 01/13957) which 
describe linking groups for similar compositions, e.g., conjugates of biologically active 

• agents and transport oligomers. The linking technology described therein can be used in the 
; piiesent compositions in a similar manner. 

i ; Thus, in one group ofembodiments, the linkmg moiety contains a fmt 

10 ; cleavable group distal to flie biologically active compound and a second cleavable group 
proximal to ttie biologically active compound Cleavage of the first cleavable group yields a 
: nucleophile capable of reacting iutramolecularly with the second cleavable group, thereby 
cleaving the linking moiety from the biologically active compound. Examples of methods by 
; w^ch the first group is cleaved include photo-illumination and enzyme mediated hydrolysis. 

15 j This methodology has been illustrated for various related small molecule conjugates 
; discussed in PCT application US98/10571 ^Publication No. WO 9852614). 

In one ^proach, the conjugate can include a disulfide Unkage, as illustrated in 
: Figure 5 A of PCT appUcation USOO/23440 (Publication No.WO 01/13957), (see also, PCT 
j appUcation US98/10571 (Publication No. WO 9852614)), which shows a conjugate (I) 

20 ; containing a transport polymer T which is linked to a cytotoxic agent, 6-mercaptopurine, by 
i an;N-acetyl-protected cysteine group which serves as a linker. Thus, the cytotoxic agent is 
attached by a disulfide bond to the 6-mercapto group, and the transport polymer is bound to 
the cysteine caibonyl moiety via an amide linkage. Cleavage of the disulfide bond by 
;reduction or disulfide exchange results in release of the free cytotoxic agent. A method for 

25 synthesizing a disulfide-containing conjugate is provided in Example 9A of PCT application 
•XJ$98/1057L TheproductdescribedthereincontainsaheptamerofArg residues which is 
! linked to 6-mercaptopurine by an N-acetyl-Cys-Ala-Ala linker, where the Ala residues are 
included as an additional spacer to render the disulfide more accessible to thiols and reducing 
agents for cleavage within a cell. The linker in this example also illustrates the use of amide 

30 bopds, which can be cleaved enzymatically within a cell. 

. . ; hi another approach, the conjugate includes a photocleavable linker which is 

icleaved upon exposure to electromagnetic radiation. Application of this methodology is 
provided for a related system in Figure 5B of PCT application USOO/23440 (Publication No. 
WO 01/13957) which shows a conjugate (II) containmg a transport polymer T which is 
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linked to 6-merc^topurine via a m^to-nitrobenzoate linking moiety. Polymer T is linked to 
the! nitrobenzoate moiety by an amide linkage to flie benzoate carbonyl group, and the 
cytotoxic agent is bound via its 6-mercapto group to the p-methylene group. The compound 
pan be formed by reacting 6-m^captopurine with p-bromomethyl-m-nitrobenzoic acid in the 
5 presence of NaOCHa/methanol with heating, followed by coupling of the benzoate carboxylic 
acid to a transport polymer, such as die amino group of a y-aminobutyric acid linker attached 
to the polymer (see also, e.g.. Example 9B of PCT application US98/10571). Photo- 
. iilliimination of the conjugate causes release of the 6-mercaptopurine by virtue of the nitro 
:gFQup that is ortho to the mercaptomefliyl moiety. This approach finds utility in phototherapy 
10 . methods as are known in the art, particularly for localizing drug activation to a selected area 
of the body. 

In one groiq) of prefeired embodiments, the cleavable linker contains first and 
isecond cleavable groups that can cooperate to cleave the oligomer from the biologically 
jadive agent, as illustrated by the following approaches. That is, the cleavable linker contains 
15 !a jQrst cleavable group that is distal to the agmt, and a second cleavable group that is 
proximal to the agent, such that cleavage of the first cleavable group yields a linker-agent 
conjugate containing a nucleophilic moiety capable of reacting intramolecularly to cleave die 
second cleavable group, thereby releasmg the agent fit>m the linker and oligomer. 

Reference is again made to co-owned and copmding PCT application 

20 U^OO/23440 (Publication No. WO 01/13957), in which Figure 5C shows a conjugate (III) 

• I. 

jcontaining a transport polymer T linked to the anticancer agent, 5-fluorouracil (5FU). In that 

i ' 

figure, the linkage is provided by a modified lysyl residue. The transport polymer is linked to 
the a-amino group, and Ihe S-fluoiouracil is linked via the a-carbonyl. The lysyl 8-amino 
group has been modified to a carbamate ester of o-hydroxymethyl nitrobenzene, which 

25 co^nprises a first, photolabile cleavable group in the conjugate. Photo-illumination severs the 
initrobenzene moiety firom the conjugate, leaving a carbamate that also rapidly decomposes to 
igiye the free a-amino group, an effective nucleophile. Intramolecular reaction of the s-amino 
group with the amide linkage to the 5-fluorouracil group leads to cyclization with release of 
the 5-fluorouracil group. 

30 * Still other linkers usefid in the present invention are provided in PCT 

application USOO/23440 (Publication No. WO 01/13957). In particular, Figure 5D of 
jUSOO/23440 illustrates a conjugate (IV) containing a delivery-enhancmg transporter T linked 
|to 2*-oxygen of the anticanc^ agent, pacUtaxel. The linkage is provided by a linking moiety 
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that includes (i) a nitrogen atom attached to the dehvery-enhancing transporter, (it) a 
; phosphate monoester located para to the nitrogen atom, and (iii) a carboxymethyl gjcoup meta 
; to the nitrogen atom, which is joined to the 2'-oxygen of paclitaxel by a carboxylate ester 
; Ipkage. Enzymatic cleavage ofthe phosphate group jfiom the conjugate affords a 
! liydroxyl group. This nucleophiKc group then reacts intramolecularly with the carbo^^^ 
ester to release free paclitaxel. My capable of bmding to its biological target Example 9C 
of PCX application US98/10571 describes a synthetic protocol for preparing this type of 
i donjugate. 

; Still other suitable linkers are iUustrated in Figure 5E of PCX application 

I US0Q/23440(PubUcationNo. WO 01/13957). In the approach provided therein, a deUveiy- 

• enhancing transporter is linked to a biologically active agent, e.g.^ paclitaxel, by an 

: aminoalkylcaiboxylicacid Preferably, the linker amino group is linked to the linker 
carboxyl carbon by from 3 to 5 chain atoms (n = 3 to 5), preferably either 3 or 4 chain atoms, 
xyhich are preferably provided as methylene carbons. As seen in Figure 5E, the linker amino 
groiq[) is joined to the delivery-enhancing transporter by an amide Imkage, and is joined to the 

j : piaclitaxel moiety by an ester linkage. Enzymatic cleavage of the amide linkage releases the 

; deUvery-enhancing transporter and produces a free nucleophilic amino group. The free 
amino group can then react intramolecularly with the ester group to release the linker from 

: the paclitaxel. 

. I In another approach, the conjugate includes a linker that is labile at one pH but 

i: is: stable at another pH. For example, Figure 6 of PCX ^plication USOO/23440 (Publication 
; fid. wo 01/13957) illustrates a method of synthesizing a conjugate with a linker that is 

• cleaved at physiological pH but is stable at acidic pH. Preferably, the linker is cleaved in 
water at a pH of from about 6.6 to about 7.6. Preferably the linker is stable in water at a pH 

i fijom about 4.5 to about 6.5, 

; r 

i D. Synthesis Of Transport Moieties and Compositions 

I ; 

Xhe transporters of the present invention can be constructed using a variety of 
conventional synthetic methods. For example, the amino acid oligomers can be produced 
i synthetically, preferably usmg a peptide synthesizer (e.g., and Applied Biosystems Model 

• 4^3) or can be synthesized recombinantly using methods well-known in the ait. 

1. Recombinant synthesis is generally used when the biologically active compound attached to 
J thie transport moiety is a peptide or protein. 
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In otiier embodiments, the transport oligomers can be prepared using solid 
. phase peptide synthesis vAnch is extensively described and used in the art to prepare peptides. 
The transport oligomers can also be prepared using liquid phase synthetic methods, which are 
, also well known in the art See, M. Bodanszky and A. Bodanszky, The Practice of Peptide 
5 S^oithesis, 2nd ed.,Springer-Verlag, New York, NY (1994). 

E. Uses Of JJie Present Invention 

I The transport moiety-biologically active compound conjugates of the preset 

10 i; invention find use in tiiier^eutic, prophylactic and diagnostic appUcations. The conjugates 
1 readily penetrate biological membranes, move across and/or into one or more layers of skin 
' or other epithelial tissue (e.g.^ gastrointestinal, lung and the like) and traverse mdothelial 

tissues (e.g., blood-brain barrier). This property makes the conjugates usefiil where transport 
i compounds must penetrate such membranes or tissues to exert their effect. 
1 5 I ' Conjugates and methods of the present invention have particular utility in the 

i; area of human and veterinary therapeutics. Generally, administered dosages will be effective 
! to deliver picomolar to niicromolar concentrations of the therapeutic composition to the 
; effector site. Appropriate dosages and concentrations will depend on factors such as the 
therapeutic composition or drug, the site of intended delivery, and the route of administration, 
20 : ajl of which can be derived empirically according to methods well known in the art. Further 
• gtiidance can be obtained iSrom studies using experimental animal models for evaluating 
' !: dosage, as are known in the art. 

i 

Administration of the conjugates of the invention with a suitable 
pharmaceutical excipient as necessary can be carried out via any of the accepted modes of 
25 ^ aflministration. Thus, admimstration can be, for example, intravenous, topical, subcutaneous, 
' tjanscutaneous, mtramuscular, oral, intra-joint, parenteral, peritoneal, intranasal, transocular, 
\, sublingual, or by inhalation: Suitable sites of administration thus include, but are not limited 
1^ tp, skin, bronchial, gastrointestinal, anal, vagmal, eye, and ear. The formulations may take 
; tlie form of solid, semi-solid, lyophilized powder, or liquid dosage forms, such as, for 
30 example, tablets, pills, capsules, powd^, solutions, suspensions, emulsions, suppositories, 
: retention raemas, creams, ointments, lotions, aerosols or the like, preferably in unit dosage 
f<j>rms suitable for simple administration of precise dosages. 
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The compositions typically include a conventional pharmaceutical carrier or 
excipient and may additionally include other medicinal agents, earners, adjuvants, and the 

\ like. Preferably, flie composition will be about 5% to 75% by weight of a compound or 

! 

- compounds of the invention, with the remainder consisting of suitable pharmaceutical 
5 i ^cipients. Appropriate excipients can be tailored to the particular composition and route of 
administration by methods well known in the art, e.g., Remington's Pharmaceutical 
Sciences, 18th Ed., Mack Publishing Co., Easton, PA (1990). 

I^or oral administration, such excipients mclude pharmaceutical grades of 
': mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose, 
10 I gelatin, sucrose, magnesium caibonate, and flie like. Thecompositionmay taketheformof a 
' ii solution, susp^sion, tablet, pill, capsule, powder, sustained-release formulation, and the like. 

bi some embodimrats, the pharmaceutical compositions take the form of a 
pill, tablet or capsule, and thus, the composition can contain, along with the biologically 
, aptive conjugate, any of the following: adiluent such as lactose, sucrose, dicalcium 
15 : pjhosphate, and the like; a disintegrant such as starch or derivatives thereof; a lubricant such 

i I 

1; as magnesium stearate and the like; and a binder such a starch, gum acacia, 

I" 

I' i^olyvinylpyrrolidone, gelatin, cellulose and derivatives thereof 

The active con^iounds of the formulas may be formulated into a suppository 
comprising, for example, about 0.5% to about 50% of a compound of the invention, disposed 

20 i in a polyethylene glycol (PEG) carrier (e.g., PEG 1000 [96%] and PEG 

i 

Liquid compositions can be prepared by dissolving or dispersing conjugate 
\ (ibout 0.5% to about 20%), and optional pharmaceutical adjuvants in a carrier, such as, for 

• example, aqueous saUne (e.g., 0.9% w/v sodium chloride), aqueous dextrose, glycerol, 
ethanol and the like, to form a solution or suspension, e.g., for intravenous administration. 

25 : Ijhe active compounds may also be formulated mto a retention enema. 

t If desired, the composition to be administered may also contain minor 

!; amoxmts of non-toxic auxiliary substances such as wetting or emulsifying agents, pH 
; buffering agents, such as, for example, sodium acetate, sorbitan monolaurate, or 
' triethanolamine oleate. 

30 For topical administration, the composition is administered in any suitable 

• fdrmat, such as a lotion or a transdermal patch. For deUvery by inhalation, the composition 

; c^ be deUvered as a dry powder (e,g.. Inhale Therapeutics) or in Uquid form via a nebulizer. 

! 

1 ; 
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1 ; 

Mefliods for pr^aring such dosage fonns are known or will be apparent to 
those skilled in the art; for exan^le, see Remington 's Pharmaceutical Sciences, supra., and 

i similar publications. The con^osition to be administered will, in any event, contain a 

j 

' Quantity of the pro-drug and/or active conipound(s) in a phannaceutically effective amount 
5 1 (or relief of the condition being treated whai administered in accordance with the teachings 

■ of this invoition. 

Generally, the conjugates of the invention are administered in a therapeutically 
: effective amount, i.e., a dosage sufficient to effect treatment, which will vary depending on 

■ tjie individual and condition being treated. Typically, a thwapeuticaUy effective daily dose is 
10 ^om 0.1 to 100 mg/kg of body weight per day of drug. Most conditions respond to 

; Administration of a total dosage of between about 1 and about 30 mg/kg of body weight per 
' day, or between about 70 mg and 2100 mg per day for a 70 kg person. 


15 i[. Delivery Methods Using The Present Invention 

■ ! 

;: ! The deUvery-enhancing transport moieties ofthe invention make possible or 

i efahance the deUveryofbiologicaUy active compounds across the sk^^ Surprisiagly, the 
transport moieties can deliver an agent across the stratum comeum, which previously had 

been a nearly impenetrable barrier to drug delivery. The stratum comeum, the outermost 

i ! 

20 : layer ofthe skin, is composed ofsevraal layers ofdead, keratin-filled skin cells that are 
; ti|ghtly bound together by a "glue" composed of cholesterol and fatty acids. Once the agents 
;. are delivered tiirough the stratum comeum by tiie transporters ofthe invention, the agents can 
; enter the viable epidermis, which is composed ofthe stratum granulosum, stratum lucidum 
and stratum genninativum which, along widi the stratum comeum, make up the epidemiis. 

25 ; Qelivery in some embodiments of the invention is tiuough tiie ^idennis and into the dermis, 
: ii|cluding one or both of the p^illaiy dermis and the reticular dennis. 

This ability.to obtain penetration of one or more layers of the skin can greatly 
!' enhance the efScacy of compounds such as antibacterials, antifungals, antiviials, 
antiproliferatives, immunosiqipressives, vitamins, analgesics, hormones, and the like. 
30 Numerous such compounds are known to diose of skill in flie art {see. e.g., Hardman and 
i Limbud, Goodman & Oilman 's The Pharmacologicdl Basis oflherapeutics, McGraw-Hill, 
iNkw York, 1996). 
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i 

In some embodiments, the biologicaUy active compound is 
blood vessel that is present in the epithelial tissue, thus providing a means for delivery of the 
; agent systemically. Delivery can be either intrafoUicular or interfoUicular, or both. 
: Pjretreatment of the skin is not reqmred for delivery of the conjugates. 
5 i The delivery-enhancing transport moieties of the invention are also useful for 

I delivery of conjugated drugs by gastrointestinal administration. Gastrointestinal 

administration can be used for both systemically active drugs, and for drugs that act in the 
. gastrointestinal q)ithelium. 

The delivery-enhancing transport moieties of the invention can also used to 
10 enhance administration of drugs through the respiratory tract. The req)u:atory tract, which 
includes the nasal mucosa, hypopharyux, and large and small airway structures, provides a 
: large mucosal surface for drug absorption. The enhanced penetration of the conjugated 
agents into and across one or more layers of the epi&elial tissue that is provided by the 
: delivery-enhancing transport moieties of the invention results in amplification of the 
15 [ advantages that respiratory tract delivery has over other delivery methods. For example, 
j; lower doses of an agent are often needed to obtain a desired efifect, a local ther^eutic eflFect 
I can occur more rapidly, and systemic then^jeutic blood levels of the agent are obtained 
' quickly. Rapid onset of pharmacological activity can result from respiratory tract 
administration. Moreover, respiratory tract administration generally has relatively few side 
20 \ effects. 

i I The deUveiy-enhancingtraiisport moieties are also useful for deUverm 

; biologically active compounds across the blood brain barrier. The agents are useful for 
i treating ischemia (e.g,, using an anti*q)optotic drug), as well as for delivering 
! neurotransmitters and other agents for treating various conditions such as schizophrenia, 
25 Parkinson's disease, pain morphine, the opiates). The 5-hydroxytryptamine receptor 
i antagonist is usefiil for treating conditions such as migraine headaches and anxiety. 


! * I 
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G. Examples 


gxample 1 

5 . ! This example illustrates the synthesis of various peptides, including those 

; having attached linking groups v/idch are natural or non-natural amino acids. 

i 

Peptides were synthesized using solid phase techniques and commercially 
available Fmoc amino acids, resins, and reagents (PB Biosystems, Foster City 
; BachemTon:ence,CA) on a Applied Biosystems 433 peptide synthesize. Fmoc amino 
10 . oaproic acid and Fmoc amino butyric add were purchased ftom NovaBiochem (San Diego, 
CA). .Fastmoc cycles were used with 0-(7-azabenzotriazol-l-yl).l,l,3,3-t^^ 
[ hexfluorophosphate (HATU) substituted for HBTU/HOBt as the coupling reagent. The 
: peptides were cleaved fix)m the resin using 96% trifluoroacetic acid, 2% tru^ 
and 2% phenol for 12 hours. The longer reaction times were necessary to completely remove 
15 i the Pbfprotecting groups fixim the multiple arginines in the peptides. Thepqjtides 

J ^ibsequently were filtered from the resin, precipitated using diethyl ether, purified using C- 
^ j; 1:8 reverse phase columns (Alltech Altima, Chicago, IL.) and characterized using either 
! electrospray or matrix assisted laser desorption mass spectrometry (Perceptive Biosystems, 
Boston, MA). 

20 Fluorescent analogs were synthesized by coupling fluorescein isothiocyanate 

; (Aldrich Milwaukee, WI) to the amino terminus of the peptide while still attached to the 

i rlsva. 

. I j ' Table 1 provides a number of transport moieties as their fluorescent 

I cjofjojugates that were prq>ared and evaluated for cellular uptake. 

25 

Table 1 

'._ I 


Sequence 

Seq. I.D. No. 

! Fl-aca-R7CONH2 


Fl-aca-R10CONH2 


Fl-aca-RGRRGRRGRR-C0NH2 


, Fl-aca-RabuRRabuRRabuRR-C0NH2 


j Fl-aca-RacaRRacaRRacaRR-C0NH2 

i 
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CI 1> A1>17 A'D'D APD /^/^XTU 

, rl-aca-KAKJ<AKJKAKK-L.UrMtl2 


T7l T> T\T> T> "P\T> O T\"D TJ 0/%XTtT 


T7I T>Ti"D"DIjT>T>"I;?T>T> /^/VKTIJ - 

r l-aca-KiiKJ<JbJW<iiKK-CUNH^ 


171 o/«a 'D'I71>1>17PP17D'D r*f\hJU 




i i • . 171 T>1T>17TDI>TD1> rf^/^XTLT 

> f r i-aca-lvU<jKiKKiKK-CUJNn2 




171 o/»o 1>T 1>X>T 1>T>T T>"D /^/\MU 


r l-aca-KAoKixMKjKMKK^ 


r i-aca-KJWKJ<JNKKJNl<^ 


171 ono I>1>D17DD1>T>17P Ol^XTlT 

r i-aca-KlrKJ<JrKKJrK^ 


r 1-aca-Kv^KivvKKl^KJl-V^UJNn^ 

1 '• ■ 




r 1-aca-K 1 KKTKKTKR-COJVH2 


f rl-aca-RVRRVRRyRK-CONH2 


J ! rl-aca-KYKKYKKYKR-CONlla 


j; ; rl-aca-^Kaca)4K-i^UJNri2 


1* i-aca-(Kacaj5R-CUrMxl2 


i< i-aca-(Kacaj6K-L/Ur^il2 


Fl-aca-(RGQ)6R-CONH2 


Fl-aca-(RG)6R-CUNil2 

: — i 




'1 rl 0 


; Fl-aca-(RGGG)6R-CONH2 





I 


Example 2 

! ! 

5 This example illustrates a cellular uptake assay which can be used to evaluate 

the conjugates of the present invention. 

, The fluorescently labeled peptides ware dissolved in PBS, pH 7.2, and their 

concentrations were determined by absorption of fluorescein at 490 nm (8=67,000). The 

!* • 
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; |iuman T cell line, Jurkat, grown in 10% fetal calf serum in DMEM, was used for all the 
cellular uptake experiments. Varying amounts of the peptides were added to 3 x 10^ cells in 
a total of 200A, in wells of microtiter plates, and incubated for varying periods of time, 

; ranging from three to five minutes. The cells were spun, washed three times with cold PBS, 
5 incubated with 0.05% trypsin/0.53 mM EDTA (Gfljco, CJrand Island, NY) at 37*C for five 

; minutes, washed with PBS, and resuspended in PBS containing 0.1% propidium iodide. The 
; cells were analyzed either using confocal microscopy or fluorescent flow cytometry 

(FACScan,Becton Dickinson, Milpitas,CA). Cells staining with propidium iodide were 
excluded fix)m the analysis. Data presented is die mean fluorescent signal for the 5000 cells 
10 ; QoUected. To prevent ceUular uptake ofthe peptides, the cells were treat 

; (?1.0%) for 25 minutes prior to exposure to the peptides. Intracellular staining was calculated 
' hy subtracting the signal seen on cells treated with sodium azide from that observed on 
- untreated cells. 


15 


Example 3 

This example provides results of arginine spacing in the cellular uptake assay 


' of Example 2. 

3A - Comparison ofR7 homopolymer with single amino acid spacing (no side chains) 
A series of arginine containing conjugates was prepared as described in 
; J^cample 1 and evaluated as described in Example 2. Spacing between seven arginine 
i. residues was provided by glycine (see Seq. I.D. No. _), y-aminobutyric acid (see Seq. LD. 
; No. and e-aminocaproic acid (see Seq, LD. No. _). Figure 1 shows the results of 
cellular uptake for the "spaced" arginine transport moieties when tethered to fluorescein. As 
can be seen from this figure, cellular uptake genwally increases whra spacing increases (e- 

; aminocaproic acid > y-aminobutyric acid > glycine. 

I 

• , SB- Comparison ofR 7 homopolymer with naturally-occurring single amino acid 
: spacing 

A series of arginine containing conjugates was prepared as described in 
. Example 1 and evaluated as described in Example 2. Spacing between seven arginine 
: residues was provided by naturally occurring (gene-encoded) amino acids (see Seq. LD. Nos. 
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I 

1 ^^^—>' Figure 2 shows the results ofceUular uptake for these "spaced^^ 

; moieties when tethered to fluorescein. As can be seen fiom this figure, an increase in cellular 

uptake was found (relative to the homopolymer R7 having no "spacing'*) for those 

compositions containing the amino acids Alanine, Phenylalanine, Glycine, BBstidine, 
5 : boleucme, Lysine, Methionme,Asparagine, Proline, Gluta^ 

Valme, Reduced, or comparable uptake was seen with those compositions containing 
• ^partic acid. Glutamic acid, and Tyrosine, Without intending to be bound by theory, it is 
i thought tiiat the carboxylic acid residues (for Asp and Glu) and the phenolic hydroxy group 
. of Tyr may cancel or coordinate wifli the positively charged Arginine residue and lead to a 
10 . reduction in the number ofpositively charged Arginines that are avail^^^ 

; enhanced penetration into the cell Figures 3 and 4 illustrate the same general results at 

4ifferent concentrations indicating that these results are essentially independent of 

i i 

concentration. At the lower concentration of6.25jiM, the uptake of Fl.aca-R7-CONH2 
begins to drop off relative to the spaced arginine transport moieties. 

15 • 

; 3C - Comparison of (R'QcaJxR transport moieties 

; i A series of Fl-aca-(R-aca)xR compositions was prepared wherein X is 4, 5 or 6, 

y, 33 described in Example 1 and evaluated for cellular uptake as described in Example 2. The 
; results are shown in Figure 5. Here, an increase in uptake was found as overall arginine 
20 content increased (x = 6>x = 5 >x = 4). 

SD- Comparison of(RX)(^ versus homopolymers ofD-Arginine (rl3 and rl9) 
; I A series of FI-aca-(R-X)6R compositions was prepared wherein x is aca, gly or 

!' giygly, as described in Example 1 and evaluated for cellular uptake as described in Example 
25 . 2: A comparison to homopolymers of D-arginine.(Fl-aca-rl9-CONH2 and Fl-^^^ 

CONH2) was made and the results are shown m Figure 6. The homopolymers, rl 3 and rl 9, 
were selected as being of equivalent length to (RG)6R and (RGG)6R, respectively. 
: Surprisingly, the homopolymers were significantly less effective in entering the cells, despite 
! the increased number of positively-charged arginine groups. 
30 M 

3E- Evaluation of number and position of spacing groups (aca) 

] j 
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A entire series of Fl-aca-R7 oligomers having aca insertions within the 
arginine homopolymer portion was prepared as described in Example 1 . The 60 peptide 
sequences are shown in Figure 7. Evaluation of each conq)ositions for cellular uptake was 
carried out as described in Example 2. Figure 8 shows the results of the cellular uptake and 
indicates that, in general, a greater number of msertions leads to a greater uptake, 
i 

Example 4 

This example illustrates the conjugation of cyclosporine to a transport moiety 
using a pH sensitive linking group (see Figures 9A and 9B). 

In this exanq)le, cyclosporine is converted to its a-chloroacetate ester using 
dhloroacetic anhydride to provide 9i (see Figure 9). The ester 9i is then treated with 
l^enzylamine to provide 9ii. Reaction of the amine with Boc-protected iminodiacetic acid 
anhydride provides the acid 9iii which is then converted to an activated ester (9iv) with N- 
hydroxy succmimide. Coupling of 9iv with L-Arginine heptamer provides the BOC- 
protected coiyugate 9v, which can be converted to conjugate 9vi by removal of the BOC 
protecting group according to estabUshed methods. 

■ Transport moieties having arginine groups separated by, for example, glycine, 

ej-aminocaproic acid, or y-aminobutyric acid can be used in place of the arginine heptamer in 
this an in the following examples that show oUgoarginine transport groups. 

Example 5 

j 

This example illustrates the conjugation of acyclovir to a transport moiety. 

a. Conjugation of acyclovir to r7CONH2 

This example illustrates the conjugation of acyclovir to ryCONHz via the 

linking group: 



R = HorAc 


1 
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i) Preparation of acyclovir a-chloroester: 

i o o 

%X} .aCH^»> 

k^j^v^H DMAP.DMF '^0^°Y^CI 

O 

t 

A solution of acyclovir (100 mg, 0.44 mmol), dimeAylaininopyridine (5.4 mg, 
5 ' V Oj.044 mmol) and chloroacetic anhydride (226 mg, 1 .32 mmol) in dimethylformamide (9 mL) 
• was stirred at room temperature for 18 h. The dimethylformamide was removed by 
' evaporation. The crude product was purified by reverse-phase HPLC (22 mm x 250 mm C- 
: 18 column, a 5-25% CH3CN/H2O gradient with 0.1% trifluoroacetic acid, 214 and 254 mn 
: UV detection) and lyophilized. The product was obtained as a white powder (62 mg, 47%). 
10 , NMR (300 MHz, DMSO-de) 8 10.67 (s, IH), 7.88 (s, IH), 6.53 (s, IH), 5.27 (s, 2H), 4.35 
; (^, 2H), 4.21 (t, 3 Hz, 2H), 3.70 (t, 3 Hz, 2H); "C NMR (75 MHz, DMSO-rfe) 8 168.1, 
' 157.6, 154.8, 152.3, 138.6, 117.1, 72.7, 67.1, 65.2, 41.8; TOF-MS (m/z): 302.0 [M + H]. 

ii) Conjugation ofacyclovira-chloro ester to H2N-C-r7-CONH2 


V=£M J. 



• . : . jfis JL / R-HN-C-rr-CONHz HjN 

k^j/s^O^^, DIEA.DMF 

O R*=5HorAc 

j5 ; ! CF3CO2H 

J ! ' A solution of acyclovir a-chloroester (7 mg, 0.024 mmol), H2N-C-r7-CONH2 

[ po mg, 0.024 mmol) and diisopropylethylamine (6.4 ^L, 0.036 mmol) in 

i dimethylformamide (1 mL) was sthred for 18 h. The dimethylformamide was removed by^ 

; evaporation. The crude product was purified by reverse-phase HPLC (22 mm x 250 mm C- 

20 18 column, a 5-25% CH3CN/H2O gradient with 0.1% trifluoroacetic acid, 214 and 254 nm 

• yv detection) and lyophihzed. The desired product was obtained as a white powder (24 mg, 

\ 69%). TOF-MS (m/z): 494.6 [(M + H)/3], 371.0 [(M + H)/4]. 

t' i ■ 

; I The yield could be increased by using 10 molar equivalents of 

; diisopropylethylamine rather than 1.5 molar equivalents. Product was again obtained as a 

25 white powder (79%). TOF-MS (m/z): 508.7 [(M + H)/3], 381.5 [(M + H)/4], 305.5 [(M + 

: mi 
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1 b. Conjugation of acycloynr to a biotin-containingderivat^^ 

CF3CO2H 

' I o o 

Reactions were carried out as illustrated above, using flie synthetic techniques 
provided in the examples above. 

i) Biotin-aminoa^roic aad-r5-Cys(atydavir)-CONH2 was obtained as a 
white powder (36%). TOF-MS {m/z)'. 868.2 {(M + 2 TFA)/2], 811.2 [(M + 1 TFA)/2]. 754.1 
[(M + 1 TFA)/3], 503.0 [(M + H)/3], 377.4 [(M + H)/4]. 

: I 

Similarly, 

ii) Biotin-aminocaproic acid-r7-C(acyclqvir)-CONH2- was obtained as a white 
powder (33%). TOF-MS im/zy.l22.l [(M + 3 TFA)/3], 684.6 [(M + 2 TFA)/3], 607.1 [(M + 
H)/3], 455.5 [(M + H)/4], 364.8 [(M + H)/5]. 304.3 [(M + H)/6]. 

i 

, : Example 6 

This example illustrates (he conjugation of hydrocortisone to a transport 

moiety. 

a. Conjugation of hydrocortisone to r7CONH2 

i) Preparation of hydrocortisone a-chloroester: 

-OH p 
^•OH Cl^ Sc(OT03 

Cl^^ DMAP.THF 
0 

To a solution of hydrocortisone (500 mg, 1.38 mmol), scandium triflate (408 
mg, 0.83 mmol) and chloroacetic anhydride (708 mg, 4.14 mmol) in dry THF was added 
dimethylaminopyridine (506 mg, 4.14 mmol). The solution turned bright yellow upon 
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' addition of dimethylaminopyridine. After 30 min the solvent.wasevqK)iatedo£F and the 
! <irude material taken up into ethyl acetate (100 nxL). The ethyl acetate layer was washed wifli 
! 1.0 N HCl and brine. The organic phase was collected, dried (Na2S04) and ev^orated to 

provide the product as a white soKd (533 mg, 88%). 'H NMR (300 MHz, DMSO-dls) S 5.56 
5 (s, IH), 5.46 (s, IH), 5.20 (d, 18 Hz, IH), 4.85 (d, /= 18 Hz, IH), 4.51 (s, 2H), 4.37 ( br 

s, IH), 4.27 (br s. IH), 2.54 - 2.33 (m, 2H), 2.22 - 2.03 (m, 3H), 1.99 - 1.61 (m, 8H), 1.52 - 
: l|.24 (m, 5 H), 1.02 - 0.98 (d, /= 12 Hz, IH), 0.88 - 0.85 (d, J= 9 Hz, IH), 0.77 (s, 3 H); 
|- HMR (75 MHz. DMSO-rffi) 8 205.4. 198.8. 173.0, 167.6, 122.3, 89.5, 69.7. 67.3, 56.4, 52.4. 
, 47.8. 41.6, 39.7, 35.0, 34.3, 34.0,^3.6. 32.3, 32.0. 24.2, 21.3, 17.4; TOF-MS (m/z): 439.1 (M 
10 +H). 

(Reference for acetylation- Zhao, H.; Pendri, A.; Greenwald, R3. J. Org. 
: CAew. 1998, 55, 7559-7562.) 


ii) Coupling to R'NH-Cys-ry-CONHi 



15 


20 


25 : 


R-sHorAc 


A solution of hydrocortisone a-chloroester (3 1 mg, 0.071 mmol), H2N-C-r7- 
CpNH2 (150 mg, 0.071 mmol) and diisopropylethylamine (15 ^iL, 0.085 mmol) in 
dimethylformamide (1 mL) was stirred far 18 h. The dimethylformamide was evaporated 
off. The crude product purified by reverse-phase HPLC (22 nun x 250 mm C-1 8 column, a 
5j30% CH3CN/H2O gradient with 0.1% trifluoroacetic acid, 214 and 254 mn UV detection) 
arid lyophilized. The desired product was obtained as a white powder (25 mg, 14%). TOF- 
MS (m/2): 1037.4 [(M + 4 TFA)/2], 616.1 [(M + 2 TFA)/3], 578.3 [(M + 1 TFA)/3], 540.5 
[(M + H)/3], 405.7 [(M + H)/4], 324.5 [(M + H)/5]. 

i The use of 1 0 molar equivalents of diisopropylethylamine rather than 1 .2 

ntolar equivalents provided the desired product as a yellow powder (52% yield). TOF-MS 
im/z): 887.0 [(M + lTFA)/2]. 830.6 [(M + H)/2], 553.7 [(M + H)/3], 415.5 [(M + H)/4]. 
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b. Conjugation of hydrocortisone to a biotin-containing derivative ofrs-Cys-CONH2 

CF3CO2H 

HN^NH 



DIEA. DMF 



ns6or7 


Reactions were carried out as illustrated above, using the synthetic techniques 
provided in the examples above. 

j i) Biotin-aminocaproic acid-rS-COiydrocortisoneyCONHz- Used 10 molar 

. equivalents of diisopropylethylamine rather than 1.2 molar equivalents. Product a white 
powder (65%). TOF-MS {m/z): 880.7 [(M + 1 TFA)/2], 548.7 [(M + H)/3]. 

ii) Biotin'^inocaproicacid-r7'C(hydrocortisone)'CONH2-\JsGd 10 molar 
equivalents of diisopropylethylamine rather tiian 1 .2 molar equivalents. Product a white 
ppwder (36%). TOF-MS (m/z): 692,3 [(M + 1 TFA)/3], 652.8 [(M + H)/3], 520.0 [(M + 1 
TFA)/4], 490.0 [(M + H)/4], 392.5 [(M + H)/5]. 

Example? 

This example illustrates the conjugation of taxol to a transport moiety. 

i 

I a. Conjugation of Taxol tor rC0NH2 

This example illustrates the application of methodology outlined above to the 
preparation of a taxol conjugate (see Figure 12). 
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i) Preparation of a taxol a-chloroacetate ester 


P OH 


BzHN O 
OH 



&Bz&Ac 


*0H OBz 


AcO O 



a) CI-AC2O, DIEA. CH2CI2. It, 3h 

5 Taxol was treated with a^jhloro acetic anhydride providing the C-2' chlom 

: acetyl derivative 12i in essentially quantitative yield. 


12i 


ii) Formation of taxol conjugate 
Ago p oh 


BzHN O 



OH OBz OAc 

H 


TFA 


H 


TFA 


hTFA 


RHN 



X 

H2N N' 
^ H 
TFA 


O 
NH 

u 

H2N N 

tfa" 



NHo 


1211 


a) peptide, DIEA, DMF. rt 
R-H48% 
R = Ac87% 


; j The halogen atom of the chloroacetate ester was displaced by the thiol of an 

liNj-tenninal (Z) cysteine containing heptamer of arginine. To avoid degradation of the 
I transporter entity by proteases m-vjvo, D-arginine was used as the building unit. Conjugation 
reactions were performed at room teiiq)erature in DMF in flie presence of 
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diisopropylethylamine. The final products were isolated by RP-HPLC and lyophilized to 
jvhite powders. It is important to note that flie native conjugate (R = H) is isolated as its TFA 
salt at the cysteine primaiy amine. The coqugates are generally quite hygroscopic and 

i 

readily dissolve in water. 

The conjugate wherein R = H was designed to release the parent drug via a 
nucleophilic attack of the N-terminai nitrogen onto the C2' ester caibonyl. The protonation 
state of this nitrogen is crucial for this mechanism, since only the free amine will be capable 
of this release. Additionally, both conjugates share a common a-hetero atom substituted 
acetate moiety making them susceptible to simple ester hydrolysis. This offers an additional 
release pathway. 

Example 8 

i 

1 This example illustrates two methods of linking active agents to transport 

moieties. Illustration is provided for retmoic acid derivatives linked to poly-D-Arg 
derivatives but can be applied to linkages between other biological agents and the transport 
moieties of the present invention, 

i 

a. Linkage between a biological agent having an aldehyde Junctional group 

! This example illustrates the preparation of a conjugate between a nonamer of 

D-arginine (H2N-r9-CO2H»10TFA) and either aU rran^-retinal or 13-cw-retinal. Figure 13 
provides a schematic presentation of the reactions. As seen in Figure 13, condensation of 
either retinal with H2N-r9-CO2H-10TFA m MeOH in the presence of 4A molecular seives at 
room temperature for four hours results in the formation of a Schiflf base-type linkage 
bptween the retinal aldehyde and the amino terminal group. Purification of tiiie conjugate can 
bp accomplished by filtering the molecular sieves and removing methanol under reduced 
pressure. 

b. Conjugation of Retinoic Acid to rrCONH2 

i 
j 

• This example illustrates the preparation of a conjugate between retinoic acid 

and r7-CONH2 using the linking group 
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PH3 p NH3* 


CH3 


Here, preparation of the conjugate follows the scheme outlined in Figure 14. 
In this scheme, retinoic acid (1411) is first combined with the chloroacetate ester of 4- 
hydroxymethyl-2,6-dimefhylphenol (141) to provide the conjugate shown as 14iii. 
Combination of 141 with retinoic acid in methylene chloride in the presence of 
(Jicyclohexylcarbodiimide and a catalytic amount of 4-dimethylaminopyridine provided the 
ijetinoid derivative 14ui in 52-57% yield Condensation of 14iii with H2NCys- 
r7CONH2»8TFA in the presence of diisopropylethylamine (DMF, room traiperature, 2 h) 
provides the desired conjugated product 14iv. 


All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent £?)plication were 
!: specifically and individually indicated to be incorporated by reference. Although the 
; foregoing invention has been described in some detail by way of illustration and example for 
15 purposes ofclarityofmideiistanding, it wiU be readily apparent to 

the art in light of the teachings of fliis invention that certain changes and modifications may 
hp made thereto without departing fix>m the spirit or scope of the fended claims. 


•I i 


: i 
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34 


J 

' ! ! '. 

! wo 02/065986 PCT/US02/04491 

WHAT IS CLAIMED IS: 

1 • 1. A imposition comprising a biologically active coiDpoiinda^^ 

2 tikiisport moiety, wherein the t]:anq>ort moiety ^c^ 

3 i: cpnsisting of (ZYZ)„Z, (ZY>,Z, (ZYY)„Z and (ZYYYXiZ, wherein each Z is L-arginine or D- 

4 * arginine, and each Y is independently an amino acid that does not comprise an amidino or 

5 guanidino moiety, and wherein n is an integer of Scorn 2 to 10. 

1 ;• 2. The composition according to claim 1, wherein each Y is 

2 : independently selected fiom the group consisting of alanine, cysteine, aspartic acid, glutamic 

3 ;i ajjid, phenylalanine, glycine, histidine, isoleucine, lysine, leucine, methionine, asparagine, 

4 \ proline, glutamine, serine, threonine, valine, tryptophan, hydroxyproline, tyrosine, y-amino 

5 butyric acid, P-alanine, sarcosine and 8-amino caproic add 

1 ; 3. The composition according to claim 1, wherein the transport moiety . 

2 . : comprises the structure (ZYZ)nZ, and wherein n is an integ^ ranging from 2 to 5 . 

. |] I . 

1 7 ; 4. Tlie composition according to claim 1, wherein the transport moiety 

2 ; comprises the structure (ZY)nZ, and wheremn is an integer ranging from 4 to 10. 

1 5. The composition according to claim 1, wherein the transport moiety 

2 ; comprises the structure (ZYY)aZ, and wherein n is an integer ranging from 4 to 10. 

: i 

.1 ji I 6. The composition according to claim 1, wherein the transport moiety 

2 j comprises the structure (ZYYY)nZ, and wherein n is an integer ranging from 4 to 10. 

1 7. The composition according to claim 1, wherein the transport moiety is 

2 : arched to the biologically active compound by a linking moiety to fonn a conjugate. 

1 ' ' 8. The composition according to claim 1, wherein Y is a gene-encoded 

2 1; aininoacid. 

! !• 

1 9. The composition according to claim 1, wherein Y is an amino acid 

2 other than a gene-encoded amino acid. 

1 i 10. The composition accordmg to claim 3, wherein each Y is 

; i 
I ; 

2 : independently selected from the group consisting of glycine, y-amino butyric acid, p-alanine 

3 ; ahd 8-amino caproic acid, and n is 3 or 4. 
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1 11. The composition according to claim 4, wherein each Y is 

2 • independently selected from the group consisting of glycine, y-amino butyric acid, p-alanine 

3 ; ^d e-amino caproic acid, and n is 6, 7 or 8. 

• I ' 

1 i 12. The composition according to claim 5, wherein each Y is 

2 independently selected from the group consisting of glycine, y-amino butyric acid, p-alanine 

3 ; and 8-amino caproic acid, and n is 6, 7 or 8. 

' 1 . 1 j 13. The composition according to claim 6, wherein each Y is 

2 ; ij independently selected from the group consisting of glycine, y-amino butyric acid, P-alanine 

3 I and e-amino c^ioic acid, and n is 6, 7 or 8 

1 14. The composition according to claim 7, wherein the conjugate has the 

2 '■■ following structure: 

• •!! 

; ii I (CH2)rA-C-(CH2)rri-N-(CH2)ri-Y-R3 

3 1^ ;•: o 

4 wherein: 

5 rMs the biologically active conqiound ; 

6 ; ; X is a linkage between a functional groiQ) on the biologically active compound 

7 J j and a functional group on the linker between and R^; 

8 j Y is a linkage between a functional group on flie transport moiety and a functional 

9 \ \ group on tiie linker between R^ and R^ 

10 AisNorCH; 

11 R^ is hydrogen, alkyl, aryl, arylalkyl, acyl or allyl; 

12 ! R^ is a transport moiety; 

13 ^1 k and m are independently either 1 or 2; and 

14 Ij j n is an integer of from 1 to 10. 

! 

1 15. The composition according to claim 14, wherein each of X and Y is 

2 independently selected from flie group consisting of -C(0)0-, -C(0)NH-, -OC(0)NH-, -S-S-, 

3 ] .€(S)0-, -C(S)NH-, -NHC(0)NH-, -SO2NH-, -SONH-, phosphate, phosphonate and 

4 J phosphinate. 
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1 16. The composition according to claim 14, wherein each of X and Y is 

2 ^ independently selected from the group consisting of -C(0)0-, -C(0)NH-, -OC(0)NH- and 

3 -1KHC(0)NH-. 

1 : 17. The composition according to claim 7, wherein the conjugate has the 

2 • following structure: 

3 : , R^— X— (CH2)k-R'*— (CH2)ni-CH-Y-R^ 

4 : I ^K^ierein: 

* ! 

5 . ! R^s the biologically active compound ; 

• '» ! 

6 I X is a linkage between a functional group on the biologically active compound 

7 ' and a functional group on the linker between and R^; 

8 Y is a linkage between a functional group on the transport moiety and a functional 

9 group on the linker between R^ and R^; 

10 , 1 I R^ is a transport moiety; 

11 i' j R^isS,0,NR^orCR^R^; 

12 i i R^isOH,SHorNHR*; 

13 R^ is hydrogen, alkyl, aryl, arylalkyl, acyl or allyl; 

14 R^ and R^ are independently hydrogen, alkyl or arylalkyl; and 

15 1 ; k and m are independently either 1 or 2. 

•i j 

.1 i; 1 18. The composition according to claim 17, wherein each ofX and Y is 

2 r iidependently selected from the group consisting of -C(0)0-, -C(0)NH-, -OC(0)NH-, -S-S-, 

3 • -C(S)0-, -C(S)NH-, -NHC(0)NH-, -SO2NH-, -SON^ 

4 phosphinate. 

1 ; 19. The composition according to claim 17, wherein each of X and Y is 

2 :^ iijidependently selected from the groiq> consisting of -C(0)0-, -C(P)1SIH-, -OC(0)NH- and 

3 '|^.i«IC(0)NH-. 

1 20. The composition according to claim 7, wherein the conjugate has the 

2 . following structure: 

.3 I . R^— X-(CH2)k— CH-Y-R^ 

i ■ 
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4 ! wherein: 

5 is the biologically active compound; 

6 X is a linkage between a functional group on the biologically active compound 

7 , and a fiinctional group on the linker between and R^; 

8 ; Y is a linkage between a functional group on the transport moiety and a functional 

9 i • group on the linker between R^ and R^; 

10 is the transport moiety; 

11 R^isH,OH,SHorNHR^ 

12 : R^ is hydrogen, alkyl, aiyl, aiylalkyl, acyl or allyl; and 

13 ! j kislor2. 

: '5 ! ' . • , 

1 ^|: 1 21. The composition according to claim 20, wherein each of X and Y is 

2 ; independently selected ftom the group consisting of -C(0)0-, -C(0)NH-, -OC(0)NH-, -S-S-, 

3 -C(S)0-, -C(S)NH-, .NHC(0)NH., -SO2NH-, -SONH-, phosphate, phosphonate and 

4 • phosphinate. 

1 ; ! 22. The composition according to claim 20, wherein each of X and Y is 

2 , 1; independently selected fiom the group consisting of -C(0)0-, -C(0)NH-, -OC(0)NH- and 

3 I ^C(0)NH-. 

1 23. The composition according to claim 7, wherein the conjugate has the 

2 I following structure: 

i i . i? 

311 1 R^—X— CH2-Ar-0-C-(CH2)r-R*— (CH2)nrCH-Y-R^ 

4 ; ! wh^ein: 

5 R' is the biologically active compound; 

6 X is a linkage between a functional group on the biologically active compound 

7 ! : and a functional group on the Unker between R^ and R^; 

8 ' j ; Y is a linkage between a functional group on the transport moiety and a functional 

9 : ii j group on the linker between R^ and R^; 

10 i • At is a substituted or unsubstituted aryl group, wherein the methylene and oxygen 

1 1 substituents are either ortho or para to one another; 

12 R*^ is the transport moiety; 

13 ; R^isS,0,NR^orCRV; 

14 ' ' R^isH,OH,SH,CONHR^orNHR^; 
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15 j is hydrogen, alkyl, aryl, aiylalkyU acyl or allyl; 

16 and R^ are independently hydrogen or alkyl; and, 

17 k and m are indq)endently either 1 or 2. 

1 ; 24. The composition according to claim 23, wherein each of X and Y is 

2 independently selected from the group consisting of -C(O)0^«C(0)NH-,-0C(^^ 

3 ! -C(S)0-, -C(S)NH-, -NHC(0)NH-, -SO2NH., -SOM^^^ 

4 . phosphinate. 

1 25. The composition according to claim 23, wherein each of X and Y is 

2 : independently selected from tiie group consisting of -C(0)0-, -C(0)NH-, -OC(0)NH- and 
-^C(0)NH-. 


3 ! 


1 i • 26. The composition according to claim 12, wherein A is N, is benzyl, 

2 k,mandnare 1, andXis-C(0)0-« 

1 27. The composition according to claim 13, wherein R"^ is S, R^ is NHR*^, 

2 ; is hydrogen, methyl, allyl, butyl or phenyl, k and m are 1 and X is -C(0)0-. 

1 =i i 28. The composition according to claim 14, wherein R^ is NHR^ R^ is 

2 ! tiydrogen, methyl, allyl, butyl or phenyl, k is 2 and X is -C(0)0-. 

1 29. The composition according to claim 15, wherem Ar is an unsubstituted 

2 ! aiiylgn>up,R^ is S,R^ is NHR^R*^ is hydrogen, methyl, aflyl, butyl or phenyl, km^ 

3 J alndXis^(0)0-. 

1 1 : 30. A method for increasing the transport of a biologically active 

2 • compound across a biological membrane comprising: 

3 administering a composition comprising a biologically active compoxmd and a 

4 : transport moiety, wherein the transport compound comprises a structure selected from the 

5 . j group consisting of (ZYZ)„Z, (ZY)nZ, (ZYY)„Z and (ZYYY)nZ, wherein Z is L-arginme or 

6 ji D-arginine, and wherein Y is an amino acid that does not comprise an amidino or guanidino 

7 i moiety, and wherein n is an integer ranging from 2 to 10, 

8 wherein transport of ttie biologically active compound across the biological 

9 membrane is increased relative to transport of tiie biologically active compound in the 
10 ; a.bsenceofsaid transport moiety. 
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1 31 . The method according to claim 20, wherein the biologically active 

2 compound is attached to the transport moiety by a linking moiety to form a conjugate. 

1 j 32. The method ofclaim 21, wherein the conjugate has the following 

2 I structure: 

R -X (CH2)irA-C-(CH2L--N-(CH2)n-Y-R3 


3 

o 

4 ; 

: wherein: 


j is the biologically active compound ; 


j X is a linkage between a functional group on the biologically active compound 


and a functional groiq> on the linker between andR^; 

8 

Y is a linkage between a fimctional group on the transport moiety and a functional 

9 

group on the linker between R^ and R^; 

10 : 

AisNorCH; 


1 R^ is hydrogen, alkyl, aryl, aiylalkyl, acyl or allyl; 


j R^ is a transport moiety; 

13 I 

k and m are independently either 1 or 2; and 

14 ' 

n is an integer of fix)m 1 to 10. 

1 ; 

33. The method ofclaim 21, wherein the conjugate has the following 


^cture: 


i ■ ■ 

3 i 

: \ R — X— (CHak-R"^— (CHgL-CH-Y-R^ 

4 ' 

wherein: 

5 

i 

is the biologically active compound ; 

6 : 

X is a linkage between a functional group on the biologically active compound 


] and a functional group on the linker between R' and R^; 

•8:i 

i . Y is a linkage between a functional group on the transport moiety and a fimctional 

9 i 

group on the linker between R' and R^; 

10 ' 

R' is a transport moiety; 

11 

R'*isS,0,NR*orCRV; 

12 : 

R'isOH,SHorNHR<*; 

:|j 
1 

1 40 . 
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i 

is hydrogen, alkyl, aryl, arylalkyl, acyl or allyl; 
and R^ are independently hydrogen, alkyl or arylalkyl; and 
k and m are ind^endently either 1 or 2. 


34. The method of claim 21 , wherein the conjugate has the following 


sjtructure: 


R^— X-(CH2)k— CH-Y-R^ 

wherein: 

R^ is the biologically active compound; 

X is a linkage between a functional groiq) on the biologically active compound 
and a functional groiq> on the linker between R' and R^; 

Y is a linkage between a functional group on the transport moiety and a functional 
group on the linker between R^ and R^; 

R^ is the tranq)ort moiety; 

R^isH,OH,SHorNHR^; 

R^ is hydrogen, alkyl, aryl, arylallgrl, acyl or allyl; and 
k is 1 or 2. 

35. The method of claim 21, wherein the conjugate is of the following 


structure: 


O ff 
R— X--K)H2-Ar-0-C-(CH2)rRMCH2)m-CH-Y-R^ 
wherein: 

R^ is the biologically active conq)ound; 

X is a linkage between a functional group on the biologically active compoimd 
and a functional group on flie linker between R^ and R^ ; 

Y is a linkage between a functional group on the transport moiety and a functional 
groiq) on the linker between R^ and R^; 

Ar is a substituted or unsubstituted aiyl group, wherein the methylene and oxygen 
substituents are ddier oriho or para to one another; 

R^ is the transport moiety; 

R^is S, 0,NR^orCR^R8; 

R^ is H, OH, SH, CONHR^ or NHR^ 
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t ■ ■ 

>6 


:15 is hydrogen, allqrl,aryl,aiylalkyl,acyl or allyl; 

16 and are independCTtly hydrogen or alkyl; and, 

17 k and m are independently either 1 or 2. 


i j 

li i 



•1 


42 


I 

I 

I I 


wo 02/065986 PCT/US02/04491 

1/17 + 


00 

id 


o 
o 


SHNOOZdBOBtd 





5 

(0 


3HNOQ0mBOBtd 


2HNO0 aynqByynqeyynqey bob i, j 


0: 


3HN00 yaBOByijeoByyeoBy bob |, j 


oooooooooo 
ooooooooo 

If)0i00>00«0oi0 


30N30S3dOmd NV3I/M 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 


2/17 


. '3 i • 


•!■ 'o 

.!•, i O. 


Of o> 


C/3 erf 


z S H 



4? s ^ 


o 
o 
o 


o 
o 
in 


o 
o 
o 


o 

s 


2HN00 ZH BOB u 

2HN00 yyAddAmy BOB i,d 

2HN00 yyAddAyyAy bob u 
3HN00 ydidaiayiy bob u 
3HNO0 yysddsddsy bob i^j 
2HN00 yyoyyoayod bob u 

3HNO0 d^cRddd^dd BOB u 
3HN00 ddNddNddNd bob y 

2HN00 ayi^yyi/vayiAid bob ^ j 
zmoo mMnm\8 bob h 
3HN00 yy>iyy>iyd>iy bob ^ j 
3HN00 ayiaaidaiy bob u 

3HN00 dblHdyHddHd bob y 

2HN00 yaoaaoayoy bob u 

3HN00 ^dddddddd BOB 

2HNooyy3yy3aa3yBOBu 
3HN00 ddadda^dad bob ^ 
ZHNOO mfm/mm bob u 


30N30S3aomd NV3I/\I 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 


3/17 


= H 


to 


CVI 


S 1 


1 I 


I — 

; o 
! O 


O Q O 

o q o 

^ CM o 


o o o o o 
o o o o 

.00 (0 ^ CM 


30N30S3aomd NV3I/\I 


2HN00 m BOB y 

3HN00 yyAdyAddAd bob u 

2HN00 ydAdyAadAd bob I, J 

2HNOoayidaidaiyBOBtd 

3HN00 yySddSddSd BOB |.d 

2HN00 yaodaoddDd bob y 

ZHNOO ddddddyiddy bob u 
ZHNOO ddNdyNddNd BOB 

SHNOO bob u 

2HN00 aaiddiadia bob y 

3HN00 yy>idy>ida>id bob u 
ZHNOoayidaiadidBOBy 

ZHNOO yyHyHH^HHd bob y 

SHNOO daodaoydoa bob u 

3HN03 dydddddddy BOB y 

SHNOoyygyyaaaaaBOB ^d 
ZHNooyaaayaayaaBOBu 
2HN00 yyvayvyyva bob 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 


4/17 


•ji. y 


1\ 


si 


CM 


to 


hi 



csi H 


; qo oo oo o oo o6 
(iQQQP QooQpo 


30N30S3dOmd NV3I/\I 


2HNO0 Za BOB u 

2HNO0 aaAaaAyaAy bob ^ 
2HN00 ayAddAyyAa bob u 
3HN00 yaiyyiyyiy bob 
3HNO0 uasyysaasa bob t j 
2HN00 yaodaoaaoy bob i, j 

SHNOOaad^ddadd BOB y 
3HNO0 ddNdaNddNd bob u 

2HNO0 aai/\!aai/\iyyiAiij bob y 
3HNO0 aanijyiyaia bob ^ j 
3HN00 aa>iaa>iay>ia bob u 

ZHNOO ddmaiaaia BOB 
ZHNOO adHddHydHa BOB h 

2HN00 aaoyaoayoa bob ^ j 
3HN00 yadyadaydy bob 

3HN00dd3yd3daadB06 

3HN00 aaayaaayaa bob u 
2HN00 ayvayvayva bob y 

>• 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 


5/17 




i 

I WO 02/065986 PCT/US02/04491 


7/17 



to 




• • 


g 

• • 

NO 

< 


EH 


O 


o 



d> tn tT» &t 
u u u u u u 
<<<<<< 


(J^ tJ» D> (d 
M M M M M M O 
1^ < < < < 41 


tr> t7> d> tjj tT> rt 

M M M M M 0 M 

fcC f< <j fo; fct; uj f< 


tJ> t7> Id tJ^ 

M M M M O M M 
< < fcC i< f^; 


tJ^ tT> tT» Cd t7> ty> tT' 
M M q M M M 

< rfj loi ra: < i< 


tT» tr» Id t7> tT> tT» 
M M g M M M M 

< rt: i<j i=c < JSC rt: 


cj> (d tr^ t7> t7» 

M O M M M M M 

f^: ^ < < f^c < 


tT> &k ty* 

M ^ M M M M 
f^J nC < < i^J 


tJ»C7»tT>cd tntJ»Cr>cd tj^D^cd Cn(d 


(d tj»D>tj»D^tr>i:j^t7»t^cd «d <d 


0^&^&>D^t7^(d cd (d (d tT>tT»tT»cjt 

cd cd cd cd cd G^Cn0^tX»t7>tT>t7'tT> 


CD 


+; 

'I i 


SUBSTITUTE SHEET (RULE 26) 


!W0 02/065986 PCT/US02/04491 


8/17 


CO 


U U 


(d Id 


tn 


tn tn 


tn Di 


U U 


tnptntntritntntnd^tntJ^tn&itntntn 
<<<<<<<<^^^^^^ ^.^ 

tntntnjJtnjjtntnctf tncd cd tn«d <d <d 

tntnjd tnjj tntPcd tnrd tntntd tj^tntn 

<d jd tno^D^cnid 0>&>tntn(d tntnid »v 

p^p^tT^tnid (A tntntnaJ (d tncd (d tntn 
<<<<<<<< <K^<^<<< 


(d (d 


tn (d 

M 0 O 0 M M 
< f« 1^^ < fsU 


tn tn (d (d Cd 


tn tn tJ^ tn tjk (d 
U U u U U U O 
< < < < < 1^ 


tn 


cd tntnD>&»tTitntntnt7>t7^&^q| ri m ^ 
ppitnptJ^tncd cd cd cd cd cd tno^tnoi 


cd cd cd 


cd cd tTiD^t7^tT>tT»CT>tT>tJft7»tn 


p^tJiD^t7^b^tntno^tj>0^t^tJ>D^tntnD> 


tn tn 


tn 


tn Id 
M 0 


cd tn 


tn 


cd cd 


tn tn 


cd 


cd 


tn tui 


cd 


Q 
LLI 
3 


o 
o 


iWO 02/065986 


PCT/US02/04491 


9/17 


■r I 


« I 

; 





• t 

• • 



g 



< 


a 

Q 

w 

O 

Q 

Q 



D 



OMogMoqoMOOOo 


tTi(d cd d^id Id b>t7>cd cd tT>tTid^ 

MgOMgOMMOOMMM 


<d D^t7>d^o^tr>tr>(d t7»tT>t7><d cd 


tT^&ttritPcd cd cd CTtcd cd cd o^D^ 
cd cd cd cd tPtno^tTitT^G^d^CPcd 


D^O>cnd^O>tnty>b^(d cd cd cd D> 


fdcdcdcdcdcdcdcd 
oaqqooao 


tjH tr* 

M M M M M 

rtj rt! 


t7» tj^ tj> 

M M M M M M 


d^ cd cd cd cd cd 
M o o u o a 
< < 0t < ^ 


cd tJ^ tJ^ tJ^ t7» tT' 
O H M M M M 


0^ cd cd cd cd 
u u o o o o 
<<<<<< 


cd cd tn tj» tj* 
n o M M M M 
rtl f^U r^; < 


tj> tT» tT> (d cd cd 

M M M U O O 

< < < < ^ < 


cd cd cd tr^ tr» 
o q q M M 
$i < < < 


tr» 

M M M M _ 

< fx; < < rt| 


cd 


cd (d (0 
O O O 0 M M 

i< i4i <: !< fci: 


tJ» tJ^ t7> t7> tT> cd 
M M M M M O 

rcc <! < ^ 


cd Cd Cd Cd cd txt 
u o o a a M 
^ f< rf! 


d* di d' tJ^ 

M M M M M M 


• • 

< 
CJ 

Q 
H 
> 


Cd 


M 


cd 
o 


< 


cd 


< 


(d 


(d 


cd 


M 


SUBSTITUTE SHEET (RULE 26) 


iWO 02/065986 


10/17 


PCT/US02/04491 


7.0-1 

6.0- 
5.0- 
4.0- 
3.0- 
2i)- 
1.0- 
0.0- 


3.1 


n 2.1 2 « 


.3 



2.4 

7\ 
/ 
/ 
/ 
/ 
/ 


3J 


PI 

/ 

/ 
/ 
/ 
/ 
/ 
/ 
/ 

1/1 / 


4.3 

7 . 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 



3.9 


V\ 


/ 


/ 


/ 

3.7 

/ 

/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


/ 


1.0 

i 


U 1.3 1.4 I.S 2.7 2.8 2JI 3J IS 3JI 4J 4.11 ai r7 


Fia 8. 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 


11/17 



Z IsO 


— :?: o= 

0= 1-2 



p 

cn-2 O 




z, ^ Vo 
z I zi z-<: 

Z I ZX Z-i 
X2 

Z X ZX z-^ 


s 


5 

5: 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 


12/17 




SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 



13/17 



SUBSTITUTE SHEET (RULE 26) 


PCT/US02/04491 



wo 02/065986 


PCT/US02/04491 


14/17 



i 




SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 


PCT/US02/04491 



a) CI^O. DIEA, CH2CI2. rt, 3h 


I2i 



1211 


a) peptide, OIEA. OMF. rt 
RsH48% 
RaAc87% 


FI& 12. 

It 


SUBSTITUTE SHEET (RULE 26) 



! I 


SUBSTITUTE SHEET (RULE 26) 


wo 02/065986 PCT/US02/04491 

17/17 "I" 



